Evaporation simulations are presented to illustrate the problems associated with the determination of the nuclear level density constant at high excitation energy from evaporation spectra. The methods of using either the total (whole chain) spectra or the difference (from two different initial excitation energies) spectra are discussed. Data from the study of the reaction 701 MeV 'Si+ ' Mo are presented and both methods are used to extract the level density constant. We find that in order to reproduce the slopes of the light particle spectra the level density constant must have a value near -, ' 3 --, ', 3 for excited nuclei with statistical temperatures in the range of 3.5 to 5.5 MeV. This presumes that the only parameter adjustment required to treat the decay of highly exited nuclei is the level density constant. If this is so, the shapes of the evaporation spectra imply a reduction in the level density constant from the value required to explain the decay of less highly excited nuclei, a conclusion reached by others. However, the reduced level density constant leads to an overproduction of deuterons and tritons. This suggests that a more complicated set of parameter adjustments may be required to treat the decay of highly excited nuclei.
C =2aT (4) for the excitation energy and heat capacity, respectively. In these expressions, U is the excitation energy (above the rotating ground state), and go is the single-particle level density in the region of the Fermi energy (e&), and T is the statistical temperature. A uniform Fermi gas model provides the first estimate of the single-particle level density at the Fermi surface and therefore our first estimate Equation (6) is particularly illustrative because it is known that, in cold nuclei, m*/I exhibits a peak as a function of k at the Fermi momentum. ' The value of m */m at k& is of the order of 1.3 which in part explains the deviation of the result in (5) from the experimental findings. On the other hand, the enhancement of the from the experimental side. Our approach to this issue is similar to that of the previous experimental work ' in that we utilize the shape of the evaporation spectra; however we also make use of the absolute particle multiplicities. Furthermore, we provide detailed evaporation simulations in order to illustrate the problems associated with the methods for extracting the constant a at high excitation energy. odd-even mass differences and shell structure. " ' ) The level density constants determined at low energy have been extensively used at moderate excitation energies (~100 MeV) in simulations of the evaporation cascade of compound nuclei produced by both light-and heavy-ion bombardments.
As where the a6'ect of pairing on the inertia is gone. These calculations reproduce the cross sections to within 30%, and the shapes of the energy spectra for protons, deuterons, and tritons as well as the e-particle cross section.
The less than perfect simulation of the shape of the aparticle spectrum is likely due to deficiencies in the treat- Ref. 16 8.5, 11 8.5, 11 6, 8.5, 11 6, 8.5, 11 6, 8.5, 11 6, 8.5, 11 6, 8.5, 11 6, 8.5, 11 Simulation for bin no.
'Initial excitation energy. 'M is the particle multiplicity from the fit of the spectra generated by PAcEX simulation.
"S is the slope extracted from the ft of the spectra generated by PACEx simulation.
'F is the average energy carried away by the particle. d 3 = A~~-A"", . ' Ud =E*-(BE) -F -E", where (BE) is the binding energy of the particle emitted, E, =is the average rotational energy, and e is the average channel energy.
'f is the correction factor determined using Eq. (7) In each frame, the spectra corresponding to the higher excitation energy (top), the lower excitation energy (middle) and the difference spectrum (bottom) are shown. The solid curves correspond to the fitted Maxwellian form. (a) and (b) display neutron spectra, (c) and (d) display proton spectra, (e) and (f) display deuteron spectra, and (g) and (h) display a-particle spectra. The level density parameters used are indicated in the figure. both shell structure and pairing, which melt or at least change with excitation and angular momentum. Therefore, small changes in a at low and moderate excitation energies cannot easily be disentangled from the disappearance of the shell structure or the pairing gap.
The change in f" introduced by limiting the set of de- cay channels is also similar in magnitude to the statistical uncertainty. However, this difference will grow with excitation energy. Therefore, while expanding the set of decay channels is of marginal significance at E* =200 MeV (4 -5% in f, 8 -10% in a), it is required if reliable results are to be obtained at higher energy.
The second procedure utilizes difference spectra to define a region of excitation energy. Gonin et al. ' have applied this procedure to the decay of ' Fig. 4 are the correction factors which result from using both zero initial spin and the fusion spin distribution, Figs. 4(a) and 4(b), respectively. While the correction factors are near 1 for the zero inital spin case, they are less than 1 and tend to decrease with ejectile mass for the case with a spin distribution. The relative difference between these calculations is the same as we saw in the "whole chain" calculation in Fig. 2 Fig. 4(b) 'Si+' Mo are displayed in the top and bottom halves of the figure, respectively. In each frame, the spectra correspond to the higher excitation energy (top), the lower excitation energy (middle) and the difference spectrum (bottom) are shown. The parameters for each bin including the fitted slope and extracted level density constant are given in Table IV. and parameters used to simulate the decay of the primary compound systems corresponding to the six residue velocity bins are given in lines (4) - (9) of Table I . The preceding paper describes how E* and A are deduced.
Our estimates of the angular momentum distribution requires some additional comments.
As mentioned in Ref. 24 , the y-ray Inultiplicity is independent of residue velocity. This is not surprising since y rays remove only a small portion of the total spin.
In fact, the simulations indicate one a particle can remove more spin than the entire y-ray cascade. We there- (1) 110 (1) 107 (1) 105 (1) 121 (2) 119 (23 114( 1) 110 (1) (2) 119 (2) 114 (1) 110 (1) 121 (2) 119 (2) 114 (1) The energy spectra, differences between energy spectra, and particle multiplicities were used in this effort. Extensive statistical model calculations served as a guide to how the shapes of particle spectra can be related to the level density parameter. The shape of the evaporation spectra imply a decrease in the level density parameter, a conclusion reached by others. However, the comparison of the particle multiplicities to the evaporation simulations do not support this conclusion.
